The objective of this work is to study heat and mass transfer in an unsteady MHD free convective flow past an infinite vertical plate with constant suction and heat source or sink numerically. Dimensionless governing equations of the problem have been solved by using finite difference technique. Numerical solutions for temperature, velocity, concentration have been obtained for suitable parameters like Grashoff number, mass Grashoff number, Prandtl number, Schmidt number and Eckert number. Rate of heat transfer and mass transfer are studied. The results obtained are discussed with the help of graphs and tables to observe effect of various parameters concerned in the problem under investigation. Effect of suction Eckert number and heat source/ sink parameter on velocity and temperature distributions are discussed. Stability and convergence of the finite difference scheme is established.
INTRODUCTION
Combined heat and mass transfer problems are importance in many processes and have therefore received a considerable amount of attention. In many mass transfer processes, heat transfer considerations arise due to chemical reaction and often due to the very nature of the process. In processes such as drying, evaporation at the surface of a water body, energy transfer in a wet cooling tower and the flow in a desert cooler, heat and mass transfer occur simultaneously. Steady laminar free convection flow of an electrically conducting fluid along a porous hot vertical non-conducting plate in the presence of heat source/sink was investigated by Sharma and Mathur (Sharma and Mathur 1995) . Unsteady free convection flow past a vertical porous plate was investigated by Helmy (Helmy 1998) . Acharya et al. (Acharya et al. 2000) have studied free convection and mass transfer flow through a porous medium bounded by vertical infinite surface with constant suction and heat flux. But In this study they considered the flow to be steady. Coming back to unsteady case, Kim (Kim 2000) investigated unsteady MHD convection heat transfer past a semi-infinite vertical porous moving plate with variable suction. Little extension to this problem has been done by Chamkha (Chamkha 2004) . In this study author extended the problem for the case of mass transfer but restricted to the case of semi-infinite moving plate. Unsteady oscillatory free convection flow plays an important role in chemical engineering, turbomechines, and aerospace technology. Such flows arise due to unusual motion of boundary or boundary temperature. Recently Singh et al. (Singh et al. 2003) have investigated the effect of oscillatory suction velocity on free convection and mass transfer flow of a viscous fluid past an infinite vertical porous plate. Sahoo et al. (Sahoo et al. 2003) have analyzed MHD unsteady free convective flow past an infinite vertical plate with constant suction and heat sink. Extension to this problem has been done by Muthucumaraswamy and senthil kumar (Muthucumaraswamy and senthil kumar 2004) . In this study thermal radiation effect on moving infinite vertical plate in presence of variable temperature and mass diffusion is considered.
Because of the importance of suction in the fields of aerodynamics and space science our present study is motivated towards this direction. Our main purpose is to investigate numerically the problem of combined heat and mass transfer of an unsteady MHD flow past an infinite plate with suction and heat source/sink. None of the above stated studies discusses completely about this. This is our motivation to the present study. The results of this study discussed for various numerical values of the parameters. Effect of heat source/sink parameter on velocity and temperature distributions have been discussed.
MATHATHEMATICAL FORMULATION
Consider an unsteady two-dimensional free convective flow of an electrically conducting viscous and incompressible fluid past an infinite, porous and vertical plate with constant suction is considered. A magnetic field B 0 is applied perpendicular to the plate. A system of rectangular coordinate axes ox 1 y 1 z 1 is taken such that y 1 =0 is on the plate and Z 1 is along its leading edge. All the fluid properties are considered. The influence of the density variation with temperature is considered only in the body force term. Its influence in other terms of the momentum and the energy equations is assumed to be negligible. The variation of expansion coefficient with temperature is considered to be negligible. This is the well-known Boussinesq approximation. Thus, under these assumptions, the physical variables are functions of y 1 and t 1 only and the problem is governed by the following system of equations Continuity equation:
Momentum equations:
Mass Transfer Equation:
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The initial and boundary conditions of the problem are ( ) 
Since the plate is assumed to be porous and through it suction with uniform velocity occurs, equation (1) From equation (1) we observe that 1 v is independent of space co-ordinates and may be taken as constant. We define the following non-dimensional variables and parameter 
Now taking into account equations (5), (6), (7), and (8), equations (2) The Grashof number r G > 0 represents external cooling of the plate and r G < 0 denotes external heating of the plate. G m the modified Grshof number , S c the Schmidt number, P r the Prandtl number E c the Eckert number, S the heat source/sink parameter.
METHOD OF SOLUTION
Here we sought a solution by finite difference technique of implicit type namely CrankNicolson implicit finite difference method which is always convergent and stable. This method has been used to solve equations (9), (10), and (11) subject to the conditions given by (12), (13), and (14). To obtain the difference equations, the region of the flow is divided into a gird or mesh of lines parallel to y and t axes. Solutions of difference equations are obtained at the intersection of these mesh lines called nodes. The values of the dependent variables T , u and C at the nodal points along the plane y = 0 are given by T(0,t) and u(0,t) and C(0,t) hence are known from the boundary conditions. 
The finite difference approximation of equations (9), (10), and (11) are obtained on substituting equation (15) into equations (9), (10), and (11). 
On multiplying both sides of equations (16), (17), and (18) by ( ) t ∆ and after simplifying, we 
NUMERICAL SOLUTIONS AND THEIR ACCURACY
To get the numerical solutions of the temperature T, velocity u and concentration C, we have taken the aid of the computer by developing a code in Mathematica5.1. The logic of the program is divided into 4 modules as follows:
Module 1: main, initially it creates three tables to hold the numerical solutions of temperature, velocity and concentration whose coefficients are allotted in the Module 2. After this, it calculates the numerical values at the next time step level. In order to do this, it uses another sub module named, Tridiagonal, which solves the tri-diagonal matrix by using Gausselimination method. Further it moves to the Module 3, for comparison of the numerical solutions with analytical solutions.
Module 2: Coeff Mat, we know that all the terms and their coefficients on RHS of equations (22), (23), and (24) are known values from initial and boundary conditions. At every time step, for different values of 'i', the finite difference approximation of equation (24) gives a linear system of equations. Then, for j = 0 and i = 1,2,. n-1, equation (24) gives a linear system of (n-1) equations for the (n-1) unknown values of 'C' in the first time row in terms of known initial and boundary values. This module maintains coefficients of this linear system of equations. Similarly the above process repeats for the remaining equations (23) and (22) to obtain the values of u and T.
Module 3: Comparison, It compares the numerical solution with the analytical solution at every time step level. By making use of T and C into equation (22), the numerical solutions for 'u' are obtained.
To ensure the validity of our numerical solutions, we have compared our numerical solutions for temperature, velocity and concentration for the case of suction for different Prandtl numbers with the available exact solutions in the literature. Table 1 and table 2 show comparisons between the numerical values of temperature and velocity for P r =6.75 and 0.733 respectively obtained from the present study and analytical solutions available in the literature. It is clearly seen from these tables that results are in excellent agreement. The corresponding code (program) written in Mathematica 5.1 for calculating numerical solutions for temperature, velocity, concentration and the comparison between the exact and numerical solutions. The comparison tables Table 1 and table 2 have been plotted and shown in figure 3 and figure 4. As the accuracy of the numerical solutions is very good, the curves corresponding to exact and numerical solutions are laying very close to the other. To ensure the efficiency of our code for velocity, we have given a table of numerical solution for velocity for water (P r =6.75) for the cases of suction. These values have been plotted under figure 4. Table 7 : Numerical solutions of Temperature distributions when S = 1.5 Table 8 : Numerical solutions of Velocity distributions when S = 1.5
RESULTS AND DISCUSSION
For the purpose of discussing the results some numerical solutions are obtained for nondimensional temperature T, velocity u and concentration C. By using temperature the rate of heat transfer and by using concentration rate of mass transfer is obtained.
The temperature profiles for water (P r =6.75) for the case of suction are shown in Fig (3 From the technological point of view, it is important to know the rate of heat transfer between the plate and the fluid. This can be found by using the non-dimensional quantity, the Nusselt number u N .The Nusselt number is defined as -ve gradient of the temperature. The numerical values of the Nusselt number against time t are shown in figure 5 and table 3. Figure 5 shows the heat transfer for different times. As t increases, the rate of heat transfer at the plate decreases gradually. From table 6 it is seen that the Nusselt number increases with increase in Hartmann number, and Eckert number but decreases with the increase in Grashof number .Finally for mass transfer we need the -ve gradient of concentration. This is denoted and defined as Schmidt number S c . The numerical values of rate of mass transfer S c in terms of Sherwood number S h are obtained and have been shown in table 4 and have been plotted in figure 6 . From this figure it can be observed that rate of mass transfer first increases gradually and then decreases as per gradual increase of the Schmidt number.
The conclusions of this study are already mentioned under results and discussions. So we are not giving separately.
STABILITY AND CONVERGENCE FOR THE FINITE DIFFERENCE SCHEME
The stability criterion of the present implicit finite difference scheme for constant mesh sizes are examined by using Von Neumann analysis as explained by Carnahan et al. (Carnahan et al. 1969) . The general terms of the Fourier expansions for u, T and C at a time arbitrarily called t=0 are both
. At a later time t, these terms will become
Now the implicit finite difference scheme of the equations (9), (10) 
Now substituting equation (25) in equations (26), (27), and (28) and assuming that u, T and C are all constants at a particular time level and denoting these values by F′, G′ and H′ in the next time level we get after simplification
On simplifying and rearranging the terms in the above equations, we get 
The above equations can be written as follows: 
